hospital costs. 15 The relationship between insurance status and these events is currently unknown. To better understand the relationship between PSIs and HACs, and insurance status in stroke patients, hospitalizations for acute ischemic stroke were analyzed using the Nationwide Inpatient Sample (NIS) database.
methods
Access to the NIS database was obtained from the AHRQ Healthcare Cost and Utilization Project. For each sampled hospital, all inpatient admissions for the year are contained in the NIS. The NIS includes data for approximately 8 million hospital admissions each year, or approximately one-fifth of all inpatient admissions to US nonfederal hospitals. For more information regarding the NIS database, see http://www.hcup-us.ahrq.gov/nisoverview.jsp. Institutional review board approval was obtained prior to accessing the NIS database for this study.
The NIS was queried for all hospitalizations involving acute ischemic stroke between 2002 and 2011. These hospitalizations were identified in the database using ICD-9 diagnosis codes for stroke (433.01, 433. 22 8, 435.9) . Insurance status (primary payer) was categorized as Medicaid, Medicare, private insurance, no charge, and self-pay based on NIS state-dependent designations. Admissions with an insurance status listed as "other" were excluded from the analysis (30,517 or 2.0% of hospitalizations). Next, the NIS was mined for the prevalence of AHRQ and HAC ICD-9 diagnosis and procedure codes during each hospitalization. An SAS statistical software package (version 9.3, SAS Institute Inc.) was used to calculate the means, standard deviations, and frequencies for all patient and hospital characteristics and to estimate all PSI and HAC incidence rates. Nationwide Inpatient Sample sampling weights were applied to estimate national rates and to construct confidence intervals for those rates.
Generalized estimating equations were used to assess possible associations between patient and hospital characteristics and AHRQ and CMS indicators. The patient's age, sex, race, comorbidity score, and primary payer status (Medicare, Medicaid, self-pay or no charge, private insurance), and hospital type (teaching vs nonteaching), bed size (small, medium, large), and region (South, West, Northeast, Midwest) were included as covariates. The comorbidity score was calculated by summing the number of Elixhauser comorbidities 5 recorded in the NIS database for each hospitalization. To account for the clustering of observations on hospitals, hospital was treated as a repeated factor, and an exchangeable working correlation was assumed. Assessed outcomes were any indicators with an incidence rate > 0.1%, as well as mean length of stay, good outcome, and mortality. Finally, mean length of stay, good outcome, and mortality were compared among insurance types.
Previously published definitions 11 of good versus poor clinical outcome based on the NIS discharge disposition were used. Clinical outcome was defined as "good" if the patient was "discharged to home or self-care," "discharged to short-term hospital for inpatient care," "discharged to home under care of an organized home health service organization," "left against medical advice," "discharged to home intravenous provider," "discharged to another institution for outpatient services," "discharged to same institution for outpatient services," or "discharged alive, destination unknown." Clinical outcome was defined as "poor" if the patient was "discharged to skilled nursing facility," "discharged to intermediate care facility," "discharged to hospice," "discharged to hospital-based Medicare-approved swing bed," "discharged to inpatient rehabilitation facility," "discharged to long-term care hospital," or "discharged to nursing facility certified by Medicaid, but not certified by Medicare." Finally, deceased patients were identified by such terms as "expired," "expired at home," "expired in a medical facility," or "expired-place unknown." Statistical significance was determined by a p value less than 0.05.
results
The NIS query resulted in 1,514,565 separate patient admissions containing at least one ICD-9 diagnosis code for stroke or cerebral ischemia and a designated insurance status of Medicare, Medicaid, private insurance, self-pay, or no charge. Of these hospitalizations, 1,507,336 had information on both primary payer and hospital teaching status. Medicare patients were significantly older (mean age 77.6 years) than Medicaid patients (mean 54.1 years), patients with private insurance (mean 58.8 years), self-pay/ no-charge patients (mean 54.1 years), and Medicaid/selfpay/no-charge patients (mean 54.1 years; p < 0.0001 for all comparisons). Private-insurance patients were also significantly older than Medicaid patients and Medicaid/selfpay/no-charge patients (p < 0.0001 for both comparisons). Table 1 demonstrates the number of hospitalizations based on insurance status. Teaching hospitals treated more Medicaid and fewer privately insured patients than nonteaching hospitals (p < 0.0001).
There were a total of 227,676 PSIs among 1,507,336 hospitalizations, amounting to a PSI prevalence of 15.1% during admissions for stroke or cerebral ischemia (estimated national rate [ENR] 15.1%, 95% CI 14.85%-15.44%). There were 42,841 HACs reported, resulting in an ENR of 2.8% (95% CI 2.79%-2.92%).
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Total PSI and HAC results by insurance status are 
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In pairwise comparisons of total PSIs between insurance types after controlling for age, sex, comorbidities, and hospital teaching status, bed size, and region, PSIs occurred more frequently in Medicaid patients than in all other groups (p < 0.0001 for each pairwise analysis). Patient safety indicators occurred more frequently in Medicare patients than in privately insured (p < 0.0001) and self-pay/no-charge patients (p < 0.0001). Finally, PSIs occurred less frequently in privately insured patients than in Medicaid/self-pay/no-charge patients (p < 0.0001).
In pairwise comparisons of total HACs between insurance types, HACs occurred more frequently in Medicaid patients than in all other groups (p < 0.0001 for each comparison). Similarly, HACs occurred more frequently in Medicare patients than in both privately insured (p < 0.0001) and self-pay/no-charge patients (p < 0.0001). Hospital-acquired conditions occurred more frequently in Medicaid/self-pay/no-charge patients than in privately insured patients (p < 0.0001). Table 3 demonstrates the total prevalence of individual PSIs and HACs by insurance status. Indicators with very low rates across all payer types have been excluded from the table. Note that exact totals for indicators with fewer than 10 occurrences are not reported but marked with an asterisk, as required by NIS reporting standards. Overall, the most common PSIs and HACs were postoperative respiratory failure (6.8% of patients), sepsis (3.3%), AHRQ pressure ulcer (1.7%), and falls and trauma-fracture (1.6%). Table 4 demonstrates the prevalence of individual PSIs and HACs by insurance status on multivariable analysis after controlling for age, race, sex, comorbidity score, teaching hospital status, hospital bed size, and hospital region. As Medicare patients are significantly older than patients using other insurance types, Medicare has been excluded from the analysis to prevent significant confounding. On multivariable analysis, AHRQ pressure ulcer, postoperative physiological derangement-diabetic ketoacidosis, postoperative respiratory failure, sepsis, pressure ulcer Stages III and IV, and manifestations of poor glycemic control-diabetic ketoacidosis were significantly more frequent in Medicaid/self-pay/no-charge patients than in privately insured patients. Conversely, postoperative hemorrhage, deep vein thrombosis, pulmonary embolism, and accidental puncture or laceration were significantly more common in privately insured patients than in patients with Medicaid/self-pay/no charge. Table 5 shows the results of multivariable analyses evaluating outcome measures based on insurance status.
prevalence of individual psis and hacs, by insurance status

effect of insurance status on outcome measures
These measures include length of stay, in-hospital mortality, and poor clinical outcome based on discharge disposition. All outcome measures (p < 0.0001 for each) were significantly higher for Medicaid patients than for patients with private insurance.
discussion
This study represents the largest and most comprehensive statistical analysis of the effect of insurance status on stroke outcomes in the US. This review of the NIS database of patients admitted with a diagnosis of stroke or cerebral ischemia demonstrates several important phenomena. First, PSIs and HACs are significantly more common in patients with Medicaid than in patients with all other primary payer types, with PSIs occurring in almost 23% of admissions and HACs occurring in over 3% of hospitalizations. Second, after controlling for important confounding variables, average length of stay was significantly longer for patients with Medicaid/self-pay/no charge than for those with private insurance by more than 2 days. Furthermore, Medicaid/self-pay/no-charge patients had 1.5 times greater odds of having a poor outcome and 1.2 times the odds of dying during the initial hospitalization than patients with private insurance.
Socioeconomic disparities have been identified in prior studies of ischemic and hemorrhagic stroke. 3, [6] [7] [8] 10, 13, [16] [17] [18] 20 In a recent retrospective chart review of the New Jersey Acute Stroke Registry of patients presenting with acute ischemic stroke, uninsured patients had higher mortality and longer lengths of stay than insured patients. a higher level of neurological impairment, higher mortality, and longer lengths of stay for uninsured patients. An uninsured status has also been linked to higher mortality and poorer functional status at discharge after intracranial hemorrhage compared with private insurance. 10 Finally, it has been suggested that hospital reimbursement may be an important determinant of patient mortality after stroke, with increased mortality seen after reimbursement cuts. 22 The reasons for poorer outcomes in patients without private insurance are varied. Studies have demonstrated that insured patients have greater awareness of stroke risk factors. 4 Primary prevention is probably worse in the uninsured, and patients without insurance may wait longer to seek treatment than those with insurance. Uninsured patients with carotid atherosclerosis have more advanced disease at the time of treatment than their insured counterparts. 8 A prospective study of over 15,000 patients in the Atherosclerosis Risk in Communities Study revealed uninsured patients are also more likely to suffer strokes and be unaware of stroke risk factors and less likely than those with insurance to undergo routine check-ups. 6 Uninsured patients often have reduced access to acute care and may be less likely to receive emergency therapies.
3,19
Insured patients are also more likely to receive inpatient rehabilitation following stroke than the uninsured. 14, 21 In fact, longer lengths of stay can often reflect difficulties in rehabilitation placement for those without insurance. Furthermore, uninsured patients are more likely to be unable to afford secondary stroke prevention medications once discharged. 12 Most of the preceding reasons for poorer outcomes are manifested outside of the acute hospital setting, and most physicians would agree that the care provided for each and every patient with stroke is the same regardless of socioeconomic or insurance status. However, most concerning about the present study is the statistically higher rates of patient safety events for those without private insurance while in the hospital, as well as the higher in-hospital mortality, longer lengths of stay, and worse outcomes based on discharge disposition, even after controlling for important variables such as comorbidities and race. This finding implies that the quality of care provided to stroke patients while in the hospital is, to some degree, dependent on insurance status.
It is important to note that, for the purpose of comparisons, this analysis primarily dichotomizes insurance status into private insurance and Medicaid/self-pay/no charge. Identifying uninsured patients in the NIS is difficult given the highly varied, state-dependent reporting of insurance status, particularly among individuals lacking Medicaid, Medicare, or private insurance. Given the previously cited association between private insurance and health outcomes, it was decided to compare patients clearly identified in the NIS as having private insurance against those with suboptimal insurance statuses, consisting of the Medicaid/self-pay/no charge groups. Medicare was excluded from direct comparisons, as patients with this insurance were, on average, roughly 15-20 years older than patients with private insurance or Medicaid/self-pay/ no charge.
Limitations of this study include its retrospective nature and the inherent potential for selection bias. The NIS database is also subject to coding errors and variability in coding. Our data are limited since the NIS database does not allow distinction between preadmission conditions and hospital-acquired diagnoses. Therefore, some of the reported PSIs and HACs may have been present on admission and mistakenly identified as new events. Neurological assessment scales associated with outcome, such as the Glasgow Coma Scale and the National Institutes of Health Stroke Scale, are also not available in the NIS database; therefore, homogeneity of stroke severity cannot be ensured across populations. Finally, the NIS database does not contain outcome measures such as the modified Rankin Scale score or Glasgow Outcome Scale score, so patient outcomes are determined based on previously published 11 discharge disposition dichotomization into good versus poor outcomes, which is subject to bias and error and may not truly be representative of functional outcome.
conclusions
This study represents the largest and most comprehensive statistical analysis of the effect of insurance status on stroke outcomes in the US. Insurance status is an independent predictor of patient safety events after stroke. The absence of private insurance is associated with higher mortality, longer lengths of stay, and worse clinical outcomes. This study highlights significant health care disparities based on insurance status. 
